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Background: Although closed reduction and percutaneous pinning is accepted as the treatment of choice for displaced supracon-
dylar fracture of the humerus, there are some debates on the pinning techniques, period of immobilization, elbow range of motion 
(ROM) exercise, and perceptions on the restoration of elbow ROM. This study was to investigate the consensus and different per-
spectives on the treatment of supracondylar fractures of the humerus in children.
Methods: A questionnaire was designed for this study, which included the choice of pinning technique, methods of elbow motion, 
and perception on the restoration of elbow ROM. Seventy-six orthopedic surgeons agreed to participate in the study and survey 
was performed by a direct interview manner in the annual meetings of Korean Pediatric Orthopedic Association and Korean Soci-
ety for Surgery of the Hand. There were 17 pediatric orthopedic surgeons, 48 hand surgeons, and 11 general orthopedic surgeons.
Results: Ninety-six percent of the orthopedic surgeons agreed that closed reduction and percutaneous pinning was the treatment 
of choice for the displaced supracondylar fracture of the humerus in children. They showed signiﬁ  cant difference in the choice of 
pin entry (lateral vs. crossed pinning, p = 0.017) between the three groups of orthopedic surgeons, but no signiﬁ  cant difference 
was found in the number of pins, all favoring 2 pins over 3 pins. Most of the orthopedic surgeons used a removable splint during 
the ROM exercise period. Hand surgeons and general orthopedic surgeons tended to be more concerned about elbow stiffness af-
ter supracondylar fracture than pediatric orthopedic surgeons, and favored gentle passive ROM exercise as elbow motion. Pediat-
ric orthopedic surgeons most frequently adopted active ROM exercise as the elbow motion method. Pediatric orthopedic surgeons 
and general orthopedic surgeons acknowledged that the patient’s age was the most contributing factor to the restoration of elbow 
motion, whereas hand surgeons acknowledged the amount of injury to be the most contributing factor.
Conclusions: More investigation and communication will be needed to reach a consensus in treating pediatric supracondylar 
fractures of the humerus between the different subspecialties of orthopedic surgeons, which can minimize malpractice and avoid 
medicolegal issues.
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Supracondylar fractures of the humerus are the most com-
mon fractures in children
1) and are managed frequently by 
orthopedic surgeons with other subspecialties than pedi-
atric orthopedic surgery.
2) Th   erefore, it may be diffi   cult for 
orthopedic surgeons to reach a consensus on the treatment 92
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of supracondylar fractures of the humerus in children. 
However, no study has examined the consensus of treating 
orthopedic surgeons regarding the treatment strategy.
In medical research, it is important to develop bet-
ter treatments, even though this is sometimes risky and 
uncertain. However, in clinical practice, it is safe, valu-
able and reasonable to take a consensus on a particular 
treatment based on current evidence or even insuffi   cient 
evidence. Th   erefore, physicians need to have consensus on 
common diseases to avoid malpractice and medicolegal 
problems, particularly when they are managed by physi-
cians with various subspecialties.
Although it appears that most orthopedic surgeons 
agree that the initial treatment for a displaced supracon-
dylar fracture is a closed reduction and percutaneous 
pinning,
1,3-8) there is some controversy or no evdidences 
regarding the pinning techniques,
9) period of immobili-
zation, postoperative rehabilitation and medication.
10-13) 
Th  ese  diff  erent strategies need to be highlighted for ortho-
pedic surgeons to reach a consensus in clinical practice.
This study examined the different perspectives on 
fi  xation techniques and postoperative protocol in treating 
supracondylar fractures of the humerus in children using 
a specifi  cally designed questionnaire.
METHODS
Th   is study was exempted from institutional review board 
approval at our hospital (a tertiary referral center for or-
thopedic surgery) because the study materials did not in-
volve human subjects.
A 15-item questionnaire regarding the treatment of 
displaced supracondylar fractures of the humerus in chil-
dren without neurovascular complication was designed 
by three pediatric orthopedic surgeons and one hand 
surgeon. Th   e questionnaire was completed through direct 
interviewing by two orthopedic surgeons. The question-
naire survey was performed at the annual meetings of Ko-
rean Pediatric Orthopedic Association and Korean Society 
for Surgery of the Hand in 2010. Th   e subspecialties of the 
participants were obtained and divided into three groups; 
1) pediatric orthopedic surgeons, 2) hand surgeons, and 
3) general orthopedic surgeons. Pediatric orthopedic sur-
geons had undergone at least one year of a pediatric ortho-
pedic fellowship and more than 60% of their clinical prac-
tice was devoted to pediatric orthopedic surgery. Hand 
surgeons had undergone at least one year of hand surgery 
fellowship and more than 60% of their clinical practice 
involved hand surgery. General orthopedic surgeons were 
surgeons that had an orthopedic board certifi  cate without 
any further subspecialty fellowship.
The participants were asked to answer the first 
nine questions in a single choice manner, which included 
choice of pinning techniques, methods of range of motion 
(ROM) exercise, immobilization during ROM exercise, 
medication, and the perception on the ROM exercise and 
elbow stiffness. An additional four questions were asked 
regarding the contributing factors to the restoration of the 
ROM aft  er a supracondylar fracture of the humerus. For 
these questions, the participants were instructed to answer 
according to a 0 to 10 visual analogue scale (VAS) (Appen-
dix I).
Statistical analysis was performed using SPSS ver. 
15.0 (SPSS Inc., Chicago, IL, USA). All frequencies are ex-
pressed as a percentage. Th   e averaged values are expressed 
as the mean and standard deviation. The chi-square test 
was performed for the choice of treatment strategies. Th  e 
data normality was tested using a Kolmogorov-Smirnov 
test, and the three groups were compared using Kruskal-
Wallis test. A p < 0.05 was considered signifi  cant.
RESULTS
Of the 130 orthopedic surgeons invited, a total of 76 or-
thopedic surgeons agreed to participate (response rate 
58%). Of these, 17 were pediatric orthopedic surgeons, 48 
were hand surgeons, and 11 were general orthopedic sur-
geons. 
Most orthopedic surgeons (96%) agreed that the 
treatment of choice for displaced supracondylar fractures 
of the humerus in children is closed reduction and percu-
taneous pinning. Three orthopedic surgeons chose other 
methods than closed reduction and percutaneous pinning, 
Fig. 1. Preferred entry of pinning for displaced supracondylar fractures of 
the humerus in children.93
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all of whom were hand surgeons. Th   ere was signifi  cant dif-
ference in the choice of entry of pinning (lateral pinning 
and crossed pinning) between the three groups (p = 0.017) 
(Fig. 1). General orthopedic surgeons tended to prefer lat-
eral pinning technique to crossed pinning technique, and 
no signifi  cant diff  erence was found between the pediatric 
orthopedic surgeons and hand surgeons in the choice be-
tween lateral and crossed pinning techniques (p = 0.279). 
Th   ere was no signifi  cant diff  erence in the number of pins 
between the three groups (p = 0.157), all favoring the use 
of 2 pins over three pins. Combining the entry of pin-
ning and pin numbers, lateral 2 pins was the most favored 
method in pediatric orthopedic surgeons and general 
orthopedic surgeons (41% and 73%, respectively) while 
crossed 3 pins was the most preferred method in the hand 
surgeons (46%).
The pins were removed most frequently after 4 
weeks in all three groups of orthopedic surgeons. Most pe-
diatric and general orthopedic surgeons (75%) instructed 
the patients to move their elbow after postoperative 3 to 
4 weeks, whereas 33% of hand surgeons instructed their 
patients to move their elbow aft  er 5 weeks (p = 0.446). Pe-
diatric orthopedic surgeons most frequently favored active 
ROM exercise, but hand surgeons and general orthopedic 
surgeons favored gentle passive ROM exercise (Fig. 2). 
However, the three groups did not show signifi  cant diff  er-
ence in the choice of elbow motion (p = 0.600). Most sur-
geons did not prescribe non-steroidal anti-inflammatory 
drugs or prescribed them according to the patients’ pain, 
and a removable splint was the most preferred immobili-
zation during the exercise period in all three groups. Pedi-
atric orthopedic surgeons answered most frequently that 
gentle passive ROM exercise aft  er supracondylar fracture 
of the humerus in children would be harmful, and hand 
surgeons and general orthopedic surgeons answered most 
frequently that they were unsure of the effect of elbow 
ROM exercise (Fig. 3). However, they did not showed sig-
nifi  cant diff  erence in their responses between the groups 
(p = 0.605). Th   e majority of orthopedic surgeons recom-
mended pronation and supination as well as flexion and 
extension when they instructed their patients to move 
their arms in all three groups. Pediatric orthopedic sur-
geons most frequently answered that elbow stiff  ness aft  er 
a supracondylar fracture of the humerus in children is ‘not 
problematic at all’, whereas hand surgeons and general 
orthopedic surgeons were more conservative in that elbow 
Fig. 2. Preferred methods of range of motion (ROM) exercise after supra-
condylar fracture of the humerus in children.
Fig. 3. Orthopedic surgeons’ perception on the effect of range of motion 
exercise after supracondylar fracture of the humerus in children.
Fig. 4. Orthopedic surgeons’ perception on elbow stiffness after supra-
condylar fracture of the humerus in children.94
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stiff  ness is ‘relatively not problematic’ (p = 0.05) (Fig. 4).
Th   e most contributing factor to restoring the elbow 
ROM after a supracondylar fracture in children was the 
patient’s age, followed by the interval between trauma and 
fi  nal fi  xation, ROM exercise, and the amount of injury in 
terms of pediatric orthopedic surgeons and general or-
thopedic surgeons’ perspectives. On the other hand, most 
contributing factor to restoring the elbow ROM was the 
amount of injury, followed by ROM exercise, the patient’s 
age, and the interval between the trauma and fi  nal fi  xation 
in the hand surgeon group. However, there were no signif-
icant diff  erences of VAS scores in the four factors between 
the three groups (p = 0.063, p = 0.585, p = 0.155, and p = 
0.533 for patient’s age, interval between the trauma and 
fi  nal fi  xation, amount of injury, and ROM exercise, respec-
tively) (Fig. 5).
DISCUSSION
This study examined the current consensus on treat-
ing displaced supracondylar fractures of the humerus 
in children. Orthopedic surgeons were found to accept 
closed reduction and percutaneous pinning as the initial 
treatment for a displaced supracondylar fracture of the 
humerus in children, even though there were some dif-
ferences in the choice of pinning techniques. Most of the 
orthopedic surgeons used a removable splint during the 
ROM exercise period, and did not prescribe non-steroidal 
anti-inflammatory drugs (NSAIDs) routinely. Pediatric 
orthopedic surgeons tend to remove the pins and begin 
elbow movement earlier than hand surgeons and general 
orthopedic surgeons tended to be more concerned about 
elbow stiff  ness aft  er supracondylar fracture than pediatric 
orthopedic surgeons, and favored gentle passive ROM 
exercise as elbow motion. Pediatric orthopedic surgeons 
most frequently adopted active ROM exercise as the elbow 
motion method. Pediatric orthopedic surgeons and gen-
eral orthopedic surgeons acknowledged that the patient’s 
age was the most contributing factor to the restoration of 
elbow motion, whereas hand surgeons acknowledged the 
amount of injury to be the most contributing factor.
This study has some limitations. First, the overall 
orthopedic surgeons perspectives were not provided be-
cause the majority of participants were hand surgeons 
and the overall orthopedic surgeons’ results would be 
similar. Second, the questionnaire designed for this study 
was not validated. However, the authors could reduce the 
possible bias by interviewing the orthopedic surgeons di-
rectly. Th   ird, majority of the supracondylar fracture of the 
humerus in children are treated by pediatric orthopedic 
surgeons and hand surgeons in our country. Th  erefore,  the 
study results may not be applicable to other countries with 
diff  erent clinical situation. 
General orthopedic surgeon tended to favor lateral 
entry more than the pediatric orthopedic surgeons and 
hand surgeons in terms of pin entry. Combining pin entry 
and pin number, hand surgeons preferred the more stable 
pinning technique using 3 crossed pins, whereas pediatric 
orthopedic surgeons and general orthopedic surgeons ap-
peared to prefer a safer pinning technique using 2 lateral 
pins. It was reported that crossed pinning was biomechan-
ically more stable but carried a higher risk of iatrogenic ul-
nar nerve palsy than the lateral pinning technique.
9,14) Even 
though 3 lateral pins was reported in a previous study,
15) 
none of the participants preferred the method in our 
study. Th   e choice of pinning technique is still inconclusive 
and controversial, and requires further investigation.
A previous study reported that physical therapy 
(passive and active ROM exercise) aft  er an open reduction 
and internal fixation could accelerate the restoration of 
elbow ROM but could not aff  ect the fi  nal ROM at postop-
erative 1 year.
11) Only 12% of the orthopedic surgeons re-
ferred the pediatric patients to physical therapists follow-
ing supracondylar fractures of the humerus in our study. 
Pediatric orthopedic surgeons answered most frequently 
that the eff  ect of gentle passive ROM exercise was harm-
ful, followed by uncertain, somewhat eff  ective, and totally 
eff  ective. Hand surgeons and general orthopedic surgeons 
answered most frequently that the eff  ect of gentle passive 
ROM exercise was uncertain, followed by somewhat ef-
fective. However, to our knowledge, there is little evidence 
Fig. 5. Visual analogue scale (VAS) scores representing the perceived 
importance of each factor in restoration of elbow motion after 
supracondylar fracture of the humerus in children.95
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regarding the effect of physical therapy after a closed re-
duction and pinning of a supracondylar fracture of the 
humerus in children.
Th   is study sheds light on the current consensus and 
different perspectives on displaced supracondylar frac-
tures of the humerus in children according to the diff  erent 
subspecialties of orthopedic surgeons. Elbow stiff  ness and 
other complications, such as, fi  xation loss and iatrogenic 
nerve palsy, could be problematic following operative 
treatment of displaced supracondylar humeral fractures in 
children, and often cause medicolegal issues particularly 
when there are insufficient published evidences. In such 
cases, taking consensus among physicians could protect 
themselves from the unnecessary legal issues. We believe 
that the results of this study could provide useful informa-
tion in that point of view. However, more evidences and 
communication will be needed to reach a better consensus 
between the different subspecialties of orthopedic sur-
geons at the same time through further investigation.
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Appendix I
Please choose one answer for the following nine questions.
(1) What is your treatment of choice a displaced supracondylar fracture of the humerus (Gartland type III) in children?
(A) Closed reduction and percutaneous pinning 
(B) Other methods than closed reduction and percutaneous pinning
(2) Which method do you prefer lateral pinning or closed pinning?
(A) Lateral pinning 
(B) Crossed pinning
(3) How many pins do you use for percutaneous pinning?
(A) 2 pins
(B) 3 pins
(4) When do you remove the pins after surgery? (If you had performed internal ﬁ  xation)
(A) After 3 weeks
(B) After 4 weeks
(C) After 5 weeks
(D) After 6 weeks
(5) When do you instruct the patients to move the elbow after surgery?
(A) After 3 weeks
(B) After 4 weeks
(C) After 5 weeks
(D) After 6 weeks
(6) What is your instruction for elbow motion?
(A) Use the arm in a tolerable manner (no other speciﬁ  c comments)
(B) Gentle passive ROM exercise (by self or parents)
(C) Active ROM exercise (by self)
(D) ROM exercise by a physical therapist
(7) How long do you prescribe non-steroidal anti-inﬂ  ammatory drugs (NSAIDs) during ROM exercise?
(A) No prescription
(B) Depending on the pain
(C) For 2 weeks
(D) For 3-4 weeks
(E) For 5-6 weeks
(8) Do the patients use a splint or brace during postoperative exercise?
(A) Elbow ROM exercise on hinged brace
(B) Removable long arm splint
(C) No splint or brace
(D) Depending on the stability of internal ﬁ  xation
(9) How much do you think gentle passive ROM exercise is effective in supracondylar fractures of the humerus in children?
(A) Totally effective
(B) Somewhat effective
(C) Not sure
(D) Somewhat ineffective
(E) Totally ineffective
(F) Harmful (causing myositis ossiﬁ  cans) 
(10) What is your comment on the direction of ROM exercise?
(A) No comment of the ROM direction
(B) Flexion and extension
(C) Pronation and supination
(D) Flexion, extension, pronation and supination
(11) How often do you think elbow stiffness is a serious problem after supracondylar fracture of the humerus in children?
(A) Not problematic at all
(B) Relatively not problematic
(C) Not sure
(D) Somewhat problematic
(E) Always problematic97
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Appendix I. Continued
Please mark a point on the horizontal line between 0 (not important at all) and 10 (totally important) according to a 0 to 10 visual analogue scale (VAS) for 
the following four questions asking the degree of the importance of each factor to the restoration of elbow motion 
(12) How much do you think the age of the patient is important in restoration elbow motion after a supracondylar fracture of the humerus in children?
0
Not important at all
51 0
Totally important
(13) How much do you think the time interval between trauma and ﬁ  nal ﬁ  xation of a fracture is important in restoring elbow motion after a supracondylar 
fracture of the humerus in children?
0
Not important at all
51 0
Totally important
(14) How much do you think the amount of injury (degree of displacement) is important in restoring elbow motion after a supracondylar fracture of the 
humerus in children?
0
Not important at all
51 0
Totally important
(15) How much do you think ROM exercise is important in restoring elbow motion after a supracondylar fracture of the humerus in children?
0
Not important at all
51 0
Totally important